function due to coronary artery disease (CAD) is steadily increasing as a consequence of the aging of the population and of improved survival of patients with acute coronary syndromes and currently represents the first cause of heart failure (1) . Mechanisms of LV dysfunction in CAD patients are complex and have been elucidated in recent years. A landmark understanding was that ischemic LV dysfunction may be sustained by repetitive ischemia, myocardial stunning, and hibernation and, therefore, completely or partially reversible in a substantial number of patients who undergo revascularization (2, 3) . From this evidence emerged the concept of viability or viable myocardium-that is, the distinction between reversible and irreversible dysfunction due to myocardial necrosis-that became part of the diagnostic workup of patients with ischemic LV dysfunction. Accordingly, several imaging approaches looking at myocardial viability were developed with the aim of selecting patients in whom recovery of LV function (mostly defined as increase of ejection fraction [EF] at rest) and improvement of prognosis would outweigh the risk of surgical revascularization. From these studies, it was also evident that most patients with ischemic LV dysfunction show evidence of viable myocardium as identified by viability testing (4, 5) .
Most studies for which the aim was to identify viable myocardium were designed having as the endpoint the shortterm increase of regional or global LV function at rest after revascularization, both of which were assumed to represent the surrogate endpoint for clinical benefits-that is, survival and qualityof-life improvement. The evidence from these studies clearly indicated that methods that explore the integrity of cell membrane or metabolic activity, such as nuclear techniques, are more sensitive for predicting recovery of LV function than those that explore the contractile reserve of dysfunctional myocardium (6) (7) (8) . Additionally, it was also demonstrated that revascularization of viable myocardium influences recovery of LV remodeling independently of changes in EF (9), pointing to additional mechanisms of clinical benefits.
VIABILITY AND CLINICAL OUTCOMES IN PATIENTS WITH ISCHEMIC LV DYSFUNCTION
Until the Surgical Treatment for Ischemic Heart Failure (STICH) viability study (10) , only 1 randomized study (11) investigated whether evaluation of viability using PET to select patients with LV dysfunction for surgical revascularization or medical therapy would reduce the composite endpoint of death, myocardial infarction, and hospitalization for cardiac causes at 1 y. That study did not demonstrate a significant reduction of events in PET-assisted patients, compared with controls, but the results were mainly explained by the large number of patients in whom therapeutic management was not consistent with the indication of PET. In fact, a statistically significant benefit was observed in a post hoc analysis in patients in whom PET recommendations were followed.
A previous metaanalysis (12) investigated the impact of revascularization in relation to the evidence of viability in patients with LV dysfunction. That metaanalysis reported a mortality rate of 3,088 patients with mean EF of 32% followed for 25 mo who underwent nuclear (either PET or SPECT) or dobutamine echocardiography for the assessment of viability before revascularization. In that analysis, patients with viability who remained on medical therapy showed the worst survival rate, whereas in patients with viability who underwent revascularization, a 79.6% reduction in annual mortality rate (from 16% to 3.2%) was observed. Interestingly, the benefit of revascularization was independent of the technique used to assess viability, and lack of viability was associated with no differences in outcome between medical therapy and revascularization. The impact of that metaanalysis was quite relevant and supported the clinical need of viability testing in patients with LV dysfunction to avoid useless and risky surgical revascularization and to provide clinical benefit to selected patients. Several limitations were appropriately underscored by the authors of the metaanalysis, including potential selection and publication bias, the observational and not randomized design of the studies, presence of comorbidities, heterogeneity of the studies collected in the analysis, and lack of optimization of medical therapy. Yet the conclusions of that metaanalysis were endorsed by the European Society of Cardiology and the European Association for CardioThoracic Surgery, whose myocardial revascularization recommended the evaluation of viability to assist management of patients with LV ischemic dysfunction (13) . The STICH viability trial (10) did not confirm an impact of viability on outcome of patients under-going revascularization or medical therapy, cautioning against the relevance of viability in the management of patients with LV dysfunction. Yet, although the STICH trial represents a remarkable study exploring a relevant hypothesis, some aspects should be carefully analyzed when interpreting the results.
STICH TRIAL
In the main STICH study (14) , for which 1,212 patients with ischemic LV dysfunction and an EF of 35% or less were enrolled, no significant all-cause mortality differences were observed by intention-to-treat analysis between patients undergoing coronary artery bypass grafting (CABG), compared with optimal medical therapy. In the CABG group, however, the prespecified secondary endpoint of cardiovascular deaththat is, the mortality outcome more likely to be influenced by CABGwas reduced by 19%, with borderline statistical significance (P 5 0.05), whereas the composite endpoint of cardiac death and hospitalization for cardiac cause was significantly reduced by 26%. Interestingly, a significant 30% all-cause mortality reduction was observed in the CABG group in the as-treated analysis, which took into account the substantial crossover rate (17%) of patients assigned to medical therapy who underwent CABG, pointing to the possibility that such crossover may have diluted the benefit of CABG in the primary intention-totreat analysis. Therefore, as acknowledged by the authors, the results of the STICH study do not definitively deny the advantage of CABG in LV dysfunction but rather provide, from secondary analysis, provisional evidence in favor of revascularization in ischemic LV dysfunction.
In the same issue of the New England Journal of Medicine as that in which the main STICH study was reported (14), Bonow et al. (10) reported the results of the viability STICH substudy that assessed, in about half the population randomized in the main study, the influence of viability on clinical outcome in patients assigned to medical therapy or CABG. The results of that study showed that survival of patients with viability was significantly longer than that of patients without viability, but patients with viable myocardium undergoing CABG did not show survival benefit, compared with those treated with optimized medical therapy. The study results thus disputed the conclusion of the previous metaanalysis (12) and questioned the recommendations of guidelines for viability-guided treatment in patients with ischemic LV dysfunction (10) .
IS VIABLE MYOCARDIUM NO LONGER ALIVE AFTER STICH?
The STICH trial was originally designed to test the influence of viability, evaluated with SPECT, on all-cause mortality in patients undergoing CABG or optimized medical therapy. Yet, viability assessment significantly hampered recruitment of patients, and the protocol was subsequently amended to make viability testing optional and, at the choice of investigators, performed by either SPECT or dobutamine echocardiography. This change substantially influenced the enrollment of patients in the substudy, yielding a final population of 601, compared with the 1,212 patients of the main trial. This difference in populations resulted in a comparison of 4 subgroups of patients with and without viability who were undergoing medical therapy or surgery but who were not numerically balanced because most (81%) showed viable myocardium, raising concerns about the statistical adequacy of the method to identify differences among groups.
Even more relevant is the definition of viability using SPECT adopted in the study. Patients with viable myocardium were those showing at least 11 (of 17) myocardial segments defined as viable on the basis of regional tracer uptake using rest-redistribution, rest-stress, or rest-redistribution-reinjection SPECT protocols. However, this criterion was arbitrarily defined and not validated in clinical trials. In fact, the power of SPECT using thresholds of relative tracer uptake to predict recovery of regional function may be not high, because myocardial dysfunctional segments may not recover after revascularization despite preserved tracer uptake (6) (7) (8) . In addition, it was not specified whether the 11 or more segments required for defining viability were counted only among those showing contractile dysfunction at rest, as would have been appropriate, or among all myocardial segments, and no data were reported on the degree of contractile dysfunction (hypokinesia, akinesia, or dyskinesia) of viable segments. It is obvious that although myocardial segments with normal function at rest and preserved tracer uptake represent viable myocardium, they cannot contribute to recovery of function after revascularization and, therefore, should be excluded from the sum of viable segments. Moreover, the criterion of relative tracer uptake using SPECT could be misleading in patients with severe LV dysfunction and extensive vessel involvement in whom no truly normally perfused myocardium may be present, thus leading to overestimation of viability by semiquantitative analysis (15) . In these patients, PET assessment of viability using absolute flow values would likely be more accurate.
Although in the STICH trial dobutamine echocardiography and SPECT were interchangeably used for viability evaluation, these techniques show different accuracies for predicting recovery of regional function or of EF after revascularization (6-8) and a combination of echocardiographic and SPECT findings is more accurate than either technique alone (16) . Yet, no such analysis was reported for STICH patients. In addition, the percentage of patients defined as viable by SPECT or dobutamine echocardiography should have been presumably different, because the 2 techniques are often not concordant in the same dysfunctional territories (6, 17) . Although the authors reported that no influence could be found regarding the type of test used, the limited number of patients, most of them undergoing SPECT, likely prevented the exclusion of any influence of the type of test on the results. In fact, using the definitions of viability adopted in the study, and because of the prevalence of SPECT testing, only 114 (19%) of 601 patients were identified as not showing viable myocardium. This percentage of viable patients would have been presumably much lower had dobutamine echocardiography been used more often or had segments with preserved tracer uptake but normal function not been counted (6, 17) .
In addition, no information on regional and global LV function or volume changes after treatment was reporteda missed opportunity that should foster additional analysis. In fact, an analysis of EF and LV volume changes after treatment and of the influence of these changes on clinical outcomes would have substantially contributed to a better understanding of the results, because it is well known that the presence of viable myocardium favorably affects LV remodeling and function, which, in turn, correlate with clinical outcomes. Thus, an examination of EF and LV volume changes after treatment would have contributed to the verification of the adequacy of viability definition in the trial and its impact on clinical outcome. The fact that both revascularization and medical therapy favorably influence LV EF and remodeling (18) may have obscured the impact of viability on prognosis comparing CABG with optimized medical therapy and may explain the association between viability and longer survival observed in the study. This consideration appears to be supported by the comparable mortality rate of CABG and medically treated patients with viable myocardium-a rate substantially lower than that reported for patients without viability. Patients with viable myocardium showed significantly more preserved LV function and volumes at enrollment than did patients without viable myocardium, making the association between viability and survival no longer significant when adjusted for covariates. However, a significant favorable association between viability and the composite endpoint of cardiovascular mortality and hospitalization still remained after adjustment for baseline differences, raising the hypothesis that CABG and optimal medical therapy may provide comparable benefits in patients with viable myocardium. This hypothesis is further supported by the striking difference in mortality rate observed in the STICH study in patients with viable myocardium undergoing medical therapy (;7% per year), compared with medically treated patients reported in the previous metaanalysis (higher than 15% per year), whereas the mortality of patients with viable myocardium undergoing CABG was similar to that previously reported (;6% per year) (12) . Altogether, these data do not detract from the pathophysiologic and clinical relevance of viability but rather underlie the favorable effects of evidence-based medical therapy in patients with LV dysfunction and viable myocardium.
PERSPECTIVES
The assessment of myocardial viability in the selection of patients for myocardial revascularization has suffered a significant blow with the results of the STICH trial, and these results certainly represented a wakeup call for the cardiology community. However, when put in perspective and properly dissected, the STICH trial should be seen not as a definitive and final answer to the question of viability assessment but rather as a matter of reflection, particularly in the following 2 respects: proper patient selection and proper methods and criteria of assessment of viability.
The STICH trial also showed how difficult it is to perform certain clinical studies, despite the relevance of the underlying clinical question, raising the big issue of identifying new and better surrogates of disease (in the current case of myocardial viability). It certainly does not close the door on the big question of myocardial viability assessment before myocardial revascularization but will surely influence the development of future potential clinical trials in this area. In particular, advanced cardiac imaging using PET and MRI needs to be tested in this context. Thus, it is hoped that the search for new and more accurate diagnostic methods will continue, with the goal of having better and more refined criteria (19) .
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